The mannoprotein components solubilized from the walls of Cundidu afbicans blastoconidia following degradation of the glucan network with P-glucanase (Zymolyase) have higher molecular masses than their probable precursors present in the supernatant of regenerating protoplasts. It therefore appears that the mannoproteins are released from the walls as part of supramolecular complexes. Immunological analysis using both polyclonal and monoclonal antibodies has demonstrated the probable relationship between molecules found in a mixed membrane preparation, those secreted by regenerating protoplasts, and those present in yeast cell walls. Some mannoproteins secreted by protoplasts incubated in the presence of tunicamycin had significantly increased mobility on SDS-PAGE, whereas others were not affected by the treatment. It is therefore possible that two types of mannoproteins are secreted by protoplasts: one carrying N-glycosylated chains (mannan) and one lacking them. All the proteins secreted in the presence of tunicamycin stained with Concanavalin A-peroxidase, demonstrating that they all, including the Nglycosylated ones, carried O-glycosylated sugar residues. Both classes of mannoproteins, secreted independently of each other, were found in the molecular complexes rendered soluble from the wall by Zymolyase digestion. Data obtained with a monoclonal antibody demonstrated the presence of a repeated epitope within one wall protein(s) detectable in a mixed membrane preparation and in the wall complexes released by Zymolyase.
Introduction
Candida albicans is a dimorphic fungus that exhibits a yeast morphology (blastoconidia) when it grows as an endogenous commensal in the gut of mammals but forms septate hyphae and/or pseudohyphae, as well as blastoconidia, during the initial interaction with human cells and subsequent colonization of tissues (for recent reviews see Calderone & Braun, 1991 ; Odds, 1979) . Formation of filamentous cells seems to play an essential role in the production of candidal lesions and helps in adhesion to the host epithelium (Kimura & Pearsall, 1978; Lee & King, 1983; Sobel et al., 1984) . In addition, C . afbicans also shows different switching systems that affect wall morphology, antigenicity, drug sensitivity and other *Author for correspondence. Tel +34 6 386 4299; fax +34 6 386 4682.
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0001-8126 0 1993 SGM aspects of its biology (for a review see Sol1 et al., 1991) . Special reference to the white-opaque switching system is important because of the dramatic differences in size, shape and antigenicity of the cells involved (Anderson et al., 1989 (Anderson et al., , 1990 . Variation in surface immunological determinants between isolates, between stages of growth and between individual cells has been detected with the help of monoclonal antibodies (Sundstrom et al., 1988) , suggesting that the cell walls of C . albicans are dynamic structures which respond to environmental changes (Brawner & Cutler, 1986; Li & Cutler, 1991; Torosantucci et al., 1990) .
To understand how these changes occur, a deeper understanding of cell-wall structure and biosynthesis is needed. The cell walls of C. albicans are composed mainly of glucan, chitin and mannoproteins, although how they are synthesized and interconnected is largely unknown (Shepherd et al., 1985) . Synthesis of cell wall components may proceed in two steps: first, synthesis and secretion of mannoproteins and vectorial extrusion of chitin and glucan, and second, interaction and assembly of the polymers outside the plasma membrane to form the cell walls (Wessels et al., 1990) . Very little is known about the biosynthesis and secretion of cell wall mannoproteins in C. albicans. In Saccharomyces cerevisiae, extracellular mannoproteins such as invertase are synthesized on rough endoplasmic reticulum and, following their final glycosylation, are transported via vesicles derived from the Golgi apparatus and secreted by exocytosis (Schekman & Novick, 1982) . The precise route involved in the synthesis of cell wall mannoproteins is not known. However, once in the periplasmic space a significant degree of molecular processing may occur (Sentandreu et al., 199 1) . The molecular mechanisms involved in this processing are largely unknown but should lead to the formation of several types of bonds (covalent, ionic, etc.) between macromolecules which render them insoluble. This would result in the diverse three-dimensional structures responsible for the different morphologies. Glucan and chitin in Schizophyllum cumnzune are connected by covalent bridges (Sonnenberg et al., 1982; Wessels et al., 1983) , and linkages between mannoproteins and glucose molecules (glucans) have been suggested in Sacch. cerevisiae (van Rinsum et al., 1991) . However, the nature of the linkages is still a matter of speculation. In C. albicans the existence of glycosidic bonds between chitin and 1,6-P-glucan has been reported (Surarit et al., 1988) , and covalent bridges between glucans and mannoproteins (Elorza et al., 1985) and chitin and mannoproteins (Marcilla et al., 1991) have been suggested. Unfortunately, there are few studies of this type although such information may be of help in understanding the dynamic properties of the C. albicans cell wall and its relationship to dimorphism, virulence and phenotypic variation.
In this paper we present information on mannoproteins and demonstrate a possible precursor-product relationship between proteins found in a mixed membrane preparation, in the supernatant of regenerating protoplasts and in the wall of C. albicans yeast cells.
Methods
Strain. The organism used was C. albicans ATCC 26555; it was maintained by subculturing every 2-3 weeks on Sabouraud-dextrose agar and propagated in Lee medium (Lee et al., 1975) . Erlenmeyer flasks (500 ml) containing 150 ml of Lee medium were inoculated with a loopful of blastoconidia from a 18-24 h slant culture and placed in a gyratory incubator (200 r.p.m.) at 28 "C for 12-14 h until the OD,,, equalled 0-6 (early-exponential growth phase) as measured with a Perkin-Elmer Coleman 250 spectrophotometer. Blastoconidia were collected from the culture medium by centrifugation at 3000 g (10 min), and suspended at a concentration of 1 mg dry wt cells ml-' in sterile glass-distilled water. The suspension was incubated at 28 "C for 3 h with shaking and stored at 4 "C for 72 h (starvation period). Starved blastoconidia were used to obtain early-exponential-phase cultures by incubating them (200 pg dry wt cells ml-') in fresh Lee medium at 28 "C. For labelling with radioactive precursors, blastoconidia (0.5 mg dry wt ml-') were suspended in 50ml of Lee medium containing 0.37 GBq of [14C]protein hydrolysate and incubated at 28 "C for 30 or 60 min. In order to label the carbohydrate moieties of mannoproteins, blastoconidia were suspended as described above in Lee medium without glucose, supplemented with 1 O/O (w/v) casein hydrolysate, 1.2% (w/v) galactose and 0.37 GBq ['4C]mannose as carbon source (Farkas et al., 1974) .
Preparation of walls andprotoplasts, and isolation of mixed membrane preparations. Blastoconidia were collected from the culture medium by centrifugation at 3000 g for 10 min, washed twice with chilled distilled water at O"C, resuspended in a small volume of 0-001 M-PMSF in 0.01 M-Tris/HCl buffer (pH 7.2) and broken by shaking for two periods (2 min each) with glass beads [5 mg beads (0-454.5 mm in diameter) (mg of cells)-'] in a vortex mixer. The procedure resulted in complete cell breakage. The cell walls were sedimented (1200 g for 10 min) to eliminate membranous and cytoplasmic debris and washed eight times in chilled 0.001 M-PMSF. Isolated walls were stored at -20 "C until used. The supernatant fluid following breakage of blastoconidia was centrifuged at 40000g for 40 min to obtain the mixed membrane preparation (P40), and used immediately. Protoplasts were obtained and regenerated as previously described (Elorza et al., 1988) . Labelling with glucose was carried out by adding ['4C]glucose (8-88 GBq mmol-I). Protoplasts incubated for 4 h were collected by centrifugation (1200 g, 10 min) and the spent medium was dialysed against distilled water and lyophilized. Sometimes tunicamycin (20 pg ml-') was added to the regeneration medium to prevent N-glycosylation of protein (Chaffin, 1985; Tkacz & Lampen, 1975) .
Solubilization of wall proteins with Zymolyase and preparation of mannan. Walls from 30 mg (dry wt) of blastoconidia were suspended in 0.001 M-PMSF containing Zymolyase 20T (1 mg ml-I) and incubated at 30 "C for 2 h. The suspension was then centrifuged (1200 g, 15 min), the wall residues discarded and the solubilized material concentrated by lyophilization. The total sugar and protein contents of the samples were determined by the method of Dubois et al. (1956) and by the Lowry method, using mannose and bovine serum albumin as standards, respectively.
For immunoblot analysis the Zymolyase treatment was the same but the walls were previously treated with boiling 2 YO (w/v) SDS to remove non-intrinsic wall materials (Marcilla et al., 1991 ; Molloy et al., 1989) . Mannan (the high-molecular-mass highly polydisperse carbohydrate moiety of the mannoproteins) was isolated as described by Peat et al. (1961) .
Partial proteolysis of high-molecular-mass ( H M M ) mannoproteins.
Mannoproteins released by Zymolyase from blastoconidia walls were fractionated in a Sephacryl S-300 column (100 x 1.6 cm). The column was equilibrated with 0.01 M-phosphate buffer pH 7.0 with 0.05 M-NaCl and fractions (1.8 ml) collected at a rate of 24 ml h-'. Aliquots (50 pg of protein) of the material eluted in the void volume were digested with staphylococcal V8 protease (15 pg) in 0-1 M-Tris/HCl pH 7.4 in a final volume of 70 pl (Cleveland, 1983) . The reaction mixtures were incubated at 37 "C and after 30 min and 180 min the tubes were heated at 100 "C for 2 min. Separation of the peptides formed by the limited proteolysis was achieved by SDS-PAGE as described by Laemmli (1970) .
Gel electrophoresis and Western blot techniques.
Proteins were separated by SDS-PAGE performed basically as described by Laemmli (1970) in 10 '10 (w/v) acrylamide gels loaded with 50 pg of protein and transferred to nitrocellulose paper (Burnette, 198 1) .
Proteins in the nitrocellulose papers were immunodetected with polyclonal and monoclonal antibodies as previously described by Casanova et al. (1989) . In some experiments the mannoproteins blotted to the nitrocellulose membranes were detected by indirect (Concana-valin A-mediated) peroxidase staining (Hawkes, 1982; Millette & Scott, 1984) .
Generation of poly-and monoclonal antibodies. Anti-yeast polyclonal serum (yPAb) was obtained in rabbits after subcutaneous immunization with purified SDS-treated yeast walls (this treatment releases non-covalently bound materials from the isolated cell walls). Blastoconidia cell walls (50 mg) previously extracted for 5 min by boiling with 2% (w/v) SDS solution were suspended in 1 ml sterile PBS [0.001 Msodium phosphate (pH 7.4y0.15 M-N~CI], emulsified with an equal volume of Freund's incomplete adjuvant, and inoculated subcutaneously into adult female New Zealand White rabbits. Antibodies were purified by ammonium sulphate precipitation and absorbed against yeast mannan obtained chemically (Peat et al., 1961) to remove antimannan antibodies.
A monoclonal antibody (mAb) 1B12 was generated against the mannoprotein material released by Zymolyase from blastoconidia cell walls. Female BALB/c mice (8-10 weeks old) were immunized with intraperitoneal (i.p.) injections of 100 pg antigen emulsified in Freund's complete adjuvant. Two and four weeks later, the mice received a booster i.p. injection with the same amount of antigen emulsified in Freund's incomplete adjuvant. One week after the last injection, the mice were tail-bled and the sera tested for anti-antigen antibody titre by ELJSA. After specific immunity was confirmed, a final soluble i.p. injection of 100 pg antigen was given to the selected mouse; 3 4 d later, the animal was killed and its spleen used as the source of B lymphocytes for fusion.
Myeloma cells were cultured in high-glucose Dulbecco's Modified Eagle's Medium (Gibco) supplemented with 2 mwglutamine, nonessential amino acids, penicillin (100 U ml-I), streptomycin (100 pg PI-'), and 15% (w/v) foetal bovine serum (s-DMEM). Cell fusion and selection of hybrids were carried out essentially as described by Nowinski et al. (1979) . Spleen lymphocytes from the immunized mouse were fused with P3-X63/Ag 8.653 murine myeloma cells (ATCC) at a 5 : 1 ratio using polyethylene glycol 1500 as the fusing agent. The fused cells were distributed in 96-well culture plates (Cell-Cult) at an approximate density of 4 x lo5 cells in 100 pl of s-DMEM per well; 24 h after plating, 100 pl of HAT selection medium (s-DMEM supplemented with hypoxanthine/aminopterine/thymidine) was added to each well. On day 10 post-fusion, the culture supernatants were screened for the presence of antibodies against the antigen. Positive hybridomas were cloned by limiting dilution on a feeder layer of BALB/c thymocytes (about lo6 cells per well) and peritoneal macrophages (about 5000 cells per well). Cells were grown in HAT medium for two weeks and then HAT was substituted by HT medium (HAT medium without aminopterine), and the cells were maintained in this medium. Positive clones were expanded and ascites were obtained by injecting hybridoma cells (about 5 x lo6 per mouse) into the peritoneal cavity of pristanetreated BALB/c mice. mAbs were purified from clarified ascites by (NH4)2S04 precipitation followed by ion-exchange chromatography on DEAE-Sepharose. mAb classes and subclasses were determined by ELISA using a Bio-Rad isotyping kit according to the manufacturer's instructions. The titre of both antibodies during the immunization and purification processes was determined by ELISA.
ELZSA. Determinations were made basically as described by Voller & Bidwell (1986) with the following modifications. Wells of NuncImmunoplate I (A/S Nunc) plates were coated with 10 pg of polysaccharide material (solubilized by Zymolyase from blastoconidia cells or mannan) in 50 p10.03 M-sodium carbonate buffer (pH 9.6) and incubated at 4 "C for 18 h. The plate was rinsed three times with PBS containing 1 YO (w/v) bovine serum albumin and 0.05% Tween 20 (PBSBT). Polyclonal antibodies or mAbs purified from ascites fluid was diluted 1 : 1000 with PBSBT, added to the appropriate wells and incubated at 37 "C for 1 h in a moist chamber. The wells were then rinsed three times with PBSBT and 50 pl of a 1 : 100 dilution in PBSBT of goat anti-mouse (for mAbs) or anti-rabbit (for polyclonal antibodies) polyvalent immunoglobulins conjugated with peroxidase were added to each well. After incubation for 1 h at 37 "C, the wells were rinsed with o-phenylenediamine, the plate was incubated in the dark for 10 min, and the reaction was stopped by the addition of 25 p1 3 M-H,SO, to each well. The colour intensity was determined at 492 nm with an automated plate reader (Titertek Multiskan Plus).
Chemicals. Zymolyase 20T was from Miles Laboratories. PMSF, tunicamycin, Concanavalin A, peroxidase and the other usual chemicals were from Sigma. Polyethylene glycol 1500 and staphylococcal V8 protease were from Boehringer Mannheim. Radioactive compounds were from Amersham.
Results

Analytical gel filtration of the mannoproteins released from the yeast cell walls by Zymolyase and the mannoproteins secreted by protoplasts
To determine specific changes in the mannoproteins during their incorporation into the cell wall, the filtration profiles from a Sephacryl S-300 gel column of the material secreted by regenerating protoplasts and the material solubilized by Zymolyase treatment of isolated cell walls were compared. Both protoplasts and yeast cells were labelled with [14C]glucose. With the Zymolyase material, a main narrow peak of radioactivity was eluted in the exclusion volume ( V , / & 1.00-1.30). The leading part of this peak also showed a shoulder formed by material retained by the gel (Fig. 1) . When the material secreted into the medium by regenerating protoplasts was analysed, the radioactivity was distributed throughout the column (Fig. l) , but the first material eluted, i.e. the molecules with higher molecular masses, was molecular masses than the materials released from the walls by Zymolyase.
Analytical gel jiltration of the wall proteins obtained from cells and protoplasts incubated in the presence of tunicamycin
To investigate whether the difference in molecular mass between the mannoproteins secreted by protoplasts and those liberated from the walls by Zymolyase was due to the protein or to the glycosidic part of the molecules, blastoconidia were incubated with tunicamycin in the (Elorza et al., 1988) , and nucleic acid and protein accumulation is unchanged for some time following addition of tunicamycin to actively growing blastoconidia cells (Chaffin, 1985) . Radiolabelled material released by Zymolyase from the cell walls or secreted by protoplasts incubated in the presence of [ ''C]glucose and tunicamycin was analysed using Sephacryl S-300 column chromatography (Fig. 2) . The material released by Zymolyase from whole walls was eluted with a very broad profile (V,/G 1-4-2.0) and was significantly retarded by the gel in relation to the material obtained in the absence of tunicamycin (K/& 1-00-1.30, Fig. l) , hinting that a significant part of the molecular mass of the molecules solubilized by Zymolyase was due to their carbohydrate moieties, Furthermore, the material secreted by the tunicamycintreated protoplasts was also retained by the gel (V,/& 2-2-5, Fig. 2 ) to a greater extent than the material from untreated protoplasts (compare Figs 1 and 2) , supporting the view that a significant part of the molecular mass of the protein-containing material of the wall was due to Nlinked sugar whose formation was sensitive to tunicamycin .
Immunological detection of cell wall proteins and their probable precursors
It was of interest to examine the relationship between the mannoproteins secreted by protoplasts and those incorporated into the cell wall to determine if any of the former were possible precursors of the latter. Polyclonal and monoclonal antibodies were used to study the proteins present in the mixed membrane preparation (P40), protoplast supernatants and wall digests.
Purified yeast cell walls, extracted with SDS, were used to immunize rabbits, and the specificity of the polyclonal antiserum (yPAb) generated was analysed by ELISA. As shown in Table 2 , the yPAb preparation recognized epitopes from materials released from blastoconidia, probably involving both carbohydrate (mannan gave a positive result) and protein (for the antigens detected by Western blotting, see below). On the other hand, the IgM mAb (1B12) reacted with the materials released from blastoconidia cell walls by Zymolyase, but did not react with chemically purified mannan ( Table 2 ), suggesting that this mAb reacts with a protein or a small 0-linked oligosaccharide epitope. After p-elimination of the Zymolyase-released materials (Elorza et al., 1988) reactivity with mAb 1B12 was retained (data not shown), suggesting that the epitope is not related to an 0-glycosylated epitope. The yPAb reacted with a major 76 kDa antigen in the membrane preparation with several ill-defined bands with apparent molecular masses ranging from below 40 kDa to over 200 kDa (Fig. 3, lane  1) . In the material secreted by protoplasts yPAb revealed mainly high-molecular-mass (HMM) polydisperse material (greater than 205 kDa) and some minor bands with higher mobility (Fig. 3, lane 2) . After protoplasts had been incubated in the presence of tunicamycin, the HMM material was still observed, with five to six new bands with molecular masses between 60 and 80 kDa (Fig. 3, lane 3) . When the material released from the walls by Zymolyase was analysed with yPAb (Fig. 3, lane  4) , four HMM bands were the only material recognized.
To examine the possible precursor-product relationship between the N-glycosylated proteins secreted by regenerating protoplasts and the HMM mannoproteins released from blastoconidia walls by Zymolyase, the following experiment was carried out. Specific polyclonal antibodies against the protoplast bands with molecular masses between 60 and 80 kDa (Fig. 3, lane 3) were obtained from the yPAb by affinity purification by the method described by Olmsted (1 98 1) using nitrocellulose strips of the blotted antigens. These antibodies reacted with HMM mannoprotein bands released by the glucanase complex from blastoconidia walls (data not shown).
To follow the process of incorporation of a specific antigen into the walls, we used mAb lB12 (Fig. 3, lanes  5-8) . The mAb reacted with several bands in the mixed membrane preparation (P40), one having an apparent molecular mass of about 80 kDa, and two slowermigrating bands ( > 205 kDa) which were the most abundant (Fig. 3, lane 3) . Two polydisperse bands were detected by the mAb in supernatants of protoplasts incubated in either the absence or presence of tunicamycin (Fig. 3, lanes 6 and 7) . With material obtained by degradation of the purified walls with Zymolyase (Fig. 3, lane S) , four bands, probably identical with those detected by the yPAb (Fig. 3, lane 4) , were revealed.
To prove that the complexes released from the cell walls carried the immunogen detected by mAb lB12, the mannoprotein material obtained from the cell walls and eluted in the void volume from the Sephacryl column ( Fig. 1 ) was subjected to limited proteolysis with staphylococcal V8 protease (see Methods). Western blots stained with mAb lB12 showed several bands with molecular masses down to 7&80 kDa (Fig. 4) . No smaller immunoreactive fragment accumulated with (Fig. 1) was treated with V8 protease, fractionated by electrophoresis and, after blotting, was detected with mAb 1B12. Lanes: 1: undigested material; 2, material digested for 30 min; 3, material digested for 180 min.
time, probably because of degradation of the epitope recognized by mAb 1B12. This was deduced from the different reactivity of the mAb in each sample. the gel (Fig. 5 , lane 2) . These bands with molecular masses of 45-70 kDa seemed the same as those detected by immunoblotting with yPAb, whereas the slow-moving bands appeared to be equivalent to the HMM material detected with mAb 1B12 (Fig. 3, lane 7) . Analysis of the material solubilized by Zymolyase showed the presence of four HMM mannoproteins, and low amounts of an ill-defined material in the middle molecular mass range.
Concanavalin A-peroxidase staining of material secreted by protoplasts and released from walls by Zymolyase
Discussion
Wall extension in C. albicans requires the addition of The presence of mannose residues in the proteins secreted by the protoplasts was shown by Concanavalin Aperoxidase staining (Fig. 5) . This is an extremely sensitive method that detects mannoproteins after blotting from polyacrylamide gels to nitrocellulose paper (Hawkes, 1982) . Protoplasts secreted large amounts of highly polydisperse materials of mannoproteins ranging in molecular mass from about 20 kDa to higher than was resolvable in the separating gel (Fig. 5, lane 1) . The HMM material was absent when protoplasts were incubated with tunicamycin. New bands representing proteins with molecular masses of 45-70 kDa were secreted by protoplasts in the presence of tunicamycin, with a dominant one of about 60 kDa together with two bands of low mobility that remained in the upper part of new molecules of glucan(s), chitin and mannoproteins to the wall structure. For mannoproteins, the new molecules are probably synthesized in the rough endoplasmic reticulum as for Saccharomyces cerevisiae (Schekman & Novick, 1982) and, following their glycosylation, are secreted into the periplasmic space. There they should interact with other molecules, resulting in the formation of covalent or ionic bonds within the cell wall itself (Calderone & Braun, 1991; Sentandreu et al., 1991) . Wall mannoproteins must be among the materials present in membrane preparations involved in secretion and in the supernatant fluids of regenerating protoplasts. The HMM materials secreted by protoplasts had molecular masses smaller than the materials released from the isolated walls following degradation of the glucan skeleton by Zymolyase (Fig. 1) . Therefore it is possible that the materials released by Zymolyase contained more than one of the mannoprotein molecules secreted and detected in the protoplast supernatant. An important conclusion that can be drawn from these results is that a substantial part of the wall protein may be connected to the glucan skeleton, because it was solubilized by the p-glucanase complex. Similar results were found for the material obtained from cells and protoplasts growing in the presence of tunicamycin (Fig.  2) . These released proteins are thus smaller and retarded by a molecular filtration column. In the presence of tunicamycin the materials released from the cell walls were larger than those secreted by protoplasts, and this suggests that wall proteins that lack their mannan moieties are still incorporated into the wall, at least for a certain period (Table l) , as has been described in halobacterial cell walls (Wieland et al., 1983) . There is however evidence for glucose residues from glucan being covalently attached via a P-linkage to certain N-linked mannan chains of mannoproteins (van Rinsum et al., 1991) .
To investigate possible precursors of the wall mannoproteins, we examined the relationships between proteins present in a mixed membrane preparation (P40) and those released into the medium by regenerating protoplasts using immunological techniques able to detect specific cell wall compounds.
The polyclonal antibody preparation raised against SDS-treated cell walls (yPAb) reacted against mannan and, with greater intensity, with the Zymolyasesolubilized material (Table 2) , and cross-reacted with the equivalent materials of Sacch. cerevisiae and Yarrowia lipolytica (unpublished results), suggesting that the preparation recognized both carbohydrate and protein epitopes. mAb 1 B 12 detected only epitopes found in the Zymolyase materials of C. albicans ( Table 2 ) and tunicamycin-treated C. albicans (Fig. 3) , and did not cross-react with the Sacch. cerevisiae and Y . lipolytica materials or with the isolated mannan moieties of either organism (unpublished results), suggesting that it is specific to a protein epitope. In the supernatant of protoplasts, yPAb recognized mainly HMM components, some of which were converted to new species with higher electrophoretic mobility following incubation with tunicamycin (Fig. 3, lane 3) , implying that they lacked N-glycosidic sugar chains. The new bands were probably the same as those detected by Concanavalin A-peroxidase (Fig. 5) , which have previously been characterized by fluorography (Murgui et al., 1986) . It is therefore possible that the HMM material secreted by regenerating protoplasts is made up of two different families of proteins: one consists of HMM mannoproteins rich in mannan that show a significant reduction in their apparent molecular masses following inhibition of N-glycosylation by tunicamycin; the other family is without the mannan moiety as its mobility does not change when synthesized and secreted in the presence of the drug. Both seem to be 0-glycosylated because, in the presence of tunicamycin, they are detected with Concanavalin A-peroxidase (Fig. 5) . The presence of the latter family of proteins was discovered following immunodetection with mAb 1 B 12. In protoplast supernatants HMM materials were detected whose apparent molecular mass did not change following incubation in the presence of tunicamycin (Fig. 3) , confirming that they do not possess N-linked sugar residues. Bands which migrate similarly have also been detected with other monoclonal antibodies (Sundstrom et al., 1988; Torosantucci et al., 1990) .
The epitope that reacted with mAb 1B12 was present in the membrane preparation with a characteristic ladder-like pattern with an increasing mass of about 15-25 kDa, suggesting the possibility that a wall protein is built with several repeated units. This suggestion was validated by the finding that partial digestion of the purified material released by Zymolyase from isolated walls also gave the same ladder pattern (Fig. 4) . A similar observation has been described for the surface proteins of Plasmodium falciparum (Kemp et al., 1990) and Trichomonas vaginalis (Alderete & Neale, 1989 ; Dailey & Alderete, 199 l) , which also contain repetitive antigenic determinants that interfere with the immune response of the host and help the parasite to evade host defences.
The fact that both antibodies reacted with the same HMM mannoprotein bands solubilized by degradation of the glucan network of the walls by Zymolyase (Fig. 3,  lanes 4 and 8) , and that specific affinity-purified polyclonal antibodies against the bands with molecular masses between 60 and 80 kDa also reacted with them, suggested that both families of mannoproteins are secreted as individual species but are released from the wall as part of supramolecular structures.
We have reported recently that in mycelial cells, a secreted 0-glycosylated protein shows an increase in molecular mass owing to its association with a Nglycosylated protein (Elorza et al., 1989) . The data reported in this paper extend these observations by showing that a similar process also occurs in C. albicans yeast cell walls. These proteins may be connected to the wall by binding to the structural polymers in a way similar to that described in Sacch. cerevisiae, where direct linkages between the protein moieties of mannoproteins and the glucan have been recently reported (van Rinsum et al., 1991) .
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